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ABSTRACT - The objective of this experiment was to evaluate the effects of replacing eCG with FSH or FSH/LH on the 
diameter of ovulatory follicles (DOF) and the pregnancy rates (PR) of lactating Bos indicus cows subjected to a synchronization 
of ovulation protocol and ﬁxed-time artiﬁcial insemination (FTAI) based on progesterone, estradiol benzoate (EB), PGF2α, and 
estradiol cypionate (EC). On day 0, primiparous and multiparous Nellore cows (n = 329) at 68 days postpartum were body 
condition scored (BCS) and received a P4 implant (PRIMER 1.0 g P4) plus 2 mg EB intramuscularly (IM). At day 8, the implant 
was removed, and 250 μg cloprostenol were injected IM along with 0.5 mg EC. At the time of implant removal, the animals 
were divided into one of four treatments: cows received (G1) 1 mL of saline solution IM (Control; n = 80); (G2) 300 IU eCG 
IM (ECG300; n = 84); (G3) 15 mg FSH IM (Folltropin; n = 82); and (G4) 30 IU FSH/LH IM (Pluset; n = 83); all cows were 
subjected to FTAI 48-54 h after implant removal (day 10). Transrectal ultrasonography was performed to measure the DOF 
to FTAI and to estimate the pregnancy rate on day 35. A statistical analysis examined the effects of the treatment, technician, 
semen, BCS, calf age and parity on PR to FTAI. There was no signiﬁcant difference in PR and DOF among the treatment groups
(G1, 41.3%, 13.1 mm; G2, 46.4%, 14.5 mm; G3, 46.3%, 14.2 mm; and G4, 48.2%, 14.3 mm), but PR was higher in multiparous 
than in primiparous cows. Commercial FSH solutions (Pluset or Folltropin) do not promote increases in PR or DOF of lactating 
Nellore cows and are equal to eCG in promoting growth in preovulatory follicles and elevating the PR in Nellore cows with a 
moderate BCS subjected to a progesterone-based FTAI protocol with EC.
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Introduction
Nellore is the predominant Zebu (B. indicus) cattle breed 
in Brazil and represents 80% of all beef cattle (above 100 
million Nellore animals), and its use continues to spread in 
Brazil and other tropical and subtropical countries (Sartori 
and Barros, 2011). These tropical regions are characterized 
by high precipitation rates and high temperatures, which 
provide favorable conditions for forage growth and low-
cost beef production. 
Although artiﬁcial insemination (AI) is an important 
tool for improving the genetic gain and the production 
efﬁciency of large herds of beef cattle – a common 
situation in Brazil –, the ability to detect estrus in cows and 
inseminate them is limited. Thus, the related infrastructure 
and staff have limited performance, which increases the 
cost-beneﬁt relationship in herds where a low number of
cows can be managed efﬁciently.
Estrous synchronization protocols that allow for 
the insemination of many females over a period of 
predetermined time (ﬁxed-time artiﬁcial insemination;
FTAI) have been developed in Brazil. The hormones 
primarily used are the progestagens, the prostaglandins and 
its analogues, and estradiol. Additionally, the use of equine 
chorionic gonadotropin (eCG) as an inducer of follicular 
growth has improved the efﬁcacy of FTAI protocols and
increased the ovulatory responses and pregnancy rates in 
beef cattle in situations involving low body condition scores 
(BCS), recent postpartum and anestrus (Peres et al., 2009; 
Sá Filho, et al., 2010). Equine chorionic gonadotropin is a 
long half-life molecule produced by the endometrial cup 
cells of mares (Murphy and Martinuk, 1991), and it has a 
stimulatory effect, like the FSH and LH hormones, leading 
to increased follicular growth and ovulation (Baruselli et al., 
2003; Sales et al., 2011). 
However, there are other gonadotropins such as FSH 
in different commercial applications (among them, FSH 
[Folltropin®] and combinations of FSH and LH [Pluset®] 
stand out) that could be potentially used to increase 
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follicular growth, but with controversial results (Santos 
et al., 2007a,b; Sá Filho et al., 2009; Martins et al., 2010; 
Sales et al., 2011). The half-life of FSH is reportedly 
shorter (<2 h) than that of eCG (Fry et al., 1987), and the 
underlying cellular mechanism whereby FSH induces 
follicular development is mediated through an increased 
number of FSH receptors in granulosa cells.
The objective of this experiment was to evaluate the 
effects of replacing eCG by FSH or FSH/LH on the diameter 
of ovulatory follicles and the pregnancy rates of lactating 
Nellore cows subjected to a synchronization of ovulation 
protocol based on progesterone, EB, PGF2α, and EC. The 
hypothesis was that FSH or FSH/LH could replace the eCG 
treatment in the FTAI protocols of Nellore cows. 
Material and Methods
The study was conducted from November 2008 to 
January 2009 on commercial beef cattle properties in Mato 
Grosso do Sul State, Brazil (temperature range 21-32 °C). 
Lactating Nellore cows (n = 329; at an average of 68 d 
postpartum; BCS 2.61 on a scale of 1-5, at day 0) were 
kept on two farms on Brachiaria decumbens pastures with 
ad libitum access to water and mineral supplements and 
were evaluated by transrectal ultrasonography to access 
their ovarian status. They were treated with the following 
basic synchronization of ovulation protocol: insertion 
of 1.0 g progesterone (PRIMER; Tecnopec, São Paulo, 
Brazil) intravaginally as well as 2.0 mg Estradiol Benzoate 
(EB) (2.0 mL of Estrogin; Farmavet, São Paulo, Brazil) 
intramuscularly (IM) on day 0. On day 8, all cows had 
PRIMER inserts removed and received 0.5 mg Estradiol 
Cypionate (EC) (0.25 mL of E.C.P.; Pﬁzer Animal Health,
Brazil) IM and 12.5 mg PGF2α (2.5 mL of Lutalyse; Pﬁzer
Animal Health, Brazil) IM. Immediately after the PRIMER 
withdrawal, cows were randomly assigned to receive one 
of the following treatments: (G1) 2 mL of saline solution 
IM (Control; n = 80); (G2) 300 IU eCG IM (n = 84); 
(G3) 15 mg FSH (Folltropin-V; Bioniche Animal Health, 
Belleville, ON, Canada; FSH:LH proportion >80.0%) 
IM (n = 82); (G4) 30 IU FSH/LH (0.5 mL of Pluset; 
Hertape - Calier, São Paulo, Brazil; FSH/LH proportion 
approximately 50.0%) IM (n = 83). On day 10 (48-54 h 
after CIDR withdrawal), all cows received FTAI. The cows 
were inseminated by one of two experienced technicians 
with frozen-thawed semen randomly chosen from one of 
the three donor sires evaluated previously.
The diameter of the largest follicle was determined 
on the day of FTAI by averaging the length and width 
measurements from the ovarian transrectal ultrasonography 
with a Falcon 100 Scanner with a linear probe (8.0 MHZ). 
Pregnancy was diagnosed 35 d after FTAI using transrectal 
ultrasonography. The pregnancy rate was calculated by 
dividing the number of pregnant cows by the number of 
treated cows.
 The semen morphology and motility were evaluated 
(Barth and Oko, 1989) and approved with the minimum 
parameters (motility <30%, total defects >30%, vigor ≤3) 
according to the Colégio Brasileiro de Reprodução Animal 
(CBRA) manual (Henry and Neves, 1998) and sires were 
distributed equally among the experimental groups in the 
experiment.
Binomial variable pregnancy rates were analyzed 
using PROC LOGISTIC in the SAS program (Statistical 
Analysis System, version 9.2). Explanatory variables such 
as treatment, BCS at day 0, parity, days postpartum, and 
farm were used in the model as classes. For the pregnancy 
data, the original models also included the effects of sire 
and the AI technician. For all logistic regression models, 
all two-way interactions were tested. When a signiﬁcant
effect of a covariate x on a dependent variable y was 
detected, logistic regression curves were created using the 
coefﬁcients provided by the software and the formula y = 
EXP(a ×  x  + b)/[1 + EXP(a × x + b)].
The follicular diameter data were subjected to analysis 
of variance, and differences between the means were tested 
using Tukey’s test by the PROC GLM procedure of the 
SAS program (P<0.05). The results are presented as the 
mean ± standard deviation. Differences with P<0.05 were 
considered signiﬁcant.
Results and Discussion
The diameter of the preovulatory follicle assessed at 
the time of FTAI did not differ between treatments (G1, 
12.4±2.97 mm; G2, 14.3±2.90 mm ; G3, 13.8±2.64 mm; 
G4, 13.5 mm±3.44, P>0.05), but was affected by parity 
(multiparous,14.38±2.70; primiparous, 12.19±3.18; P = 0.003). 
No interaction between treatments and parity was found 
(P = 0.92). The follicle diameter affected the probability 
of pregnancy positively, including BCS at the time of the 
implant removal (P<0.01) (Figures 1 and 2).
Using Folltropin (80% FSH/20 LH%) and Pluset 
(50% FSH/50% LH) and replacing eCG in FTAI protocols 
in postpartum, Nellore cows showed similar results for 
preovulatory follicle diameter and pregnancy rate (P>0.05), 
although this method showed no advantages in G1 (Table 1).
Baruselli et al. (2003) and Cutaia et al. (2003) reported 
that 0 or 400 IU eCG were administered to cows undergoing 
progesterone-device removal in a synchronization protocol 
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for FTAI. The equine chorionic gonadotropin treatment 
increased pregnancy rates in Bradford (26.7 vs. 34.6%), 
Nellore (38.9 vs. 45.7%) and crossbred Nellore cows (46.8 
vs. 59.1%). Bergamaschi et al. (2005), treating cows with 
a protocol similar to that of Baruselli et al. (2003), also 
showed that despite the similar size of the preovulatory 
follicle, both the size of CL and the plasma concentrations 
of progesterone after estrus increased for cows that 
received 400 IU × 0 IU eCG. Nevertheless, it is important 
to mention that the eCG effectiveness varies with the body 
condition score (BCS), the number of days postpartum and 
the association with other management strategies, such as 
temporary weaning (Binelli et al., 2009).
As with eCG, the use of Pluset or Folltropin was not 
able to increase pregnancy rate and size of the preovulatory 
follicle in postpartum Bos indicus cows with a moderate 
body condition score (BCS average of 2.61 on a scale of 
1-5). These results agree with authors who used Folltropin 
(Santos et al., 2007 a,b; Martins et al., 2010), but is in 
contrast to others who used only Folltropin (Sales et al., 
2011; Lima et al., 2010) or Folltropin and Pluset (Sá Filho 
et al., 2009). In our study the BCS at implant had a positive 
effect on the probability of pregnancy (P<0.05) (Figure 2).
In cattle, eCG treatment promotes follicle growth in 
single dosages, which is likely due to the long metabolic 
half-life (>50 h) (Menzer and Schams, 1979). In contrast, 
Folltropin-V and Pluset are reported to contain 87% and 
50% of FSH (Mapletof et al., 1993), respectively, and its 
metabolism appears to be relatively fast. After intramuscular 
administration, the half-life and the disappearance of the 
porcine FSH were estimated at 5 h and 10-12 h, respectively 
(Demonstier et al., 1988). Although follicles are more 
Figure 1 - Effect of follicle diameter at day 10 on the probability 
of pregnancy in postpartum Nellore cows subjected to 
progesterone-based FTAI protocol (P<0.01).
Figure 2 - Effect of body condition score at day 0 on the probability 
of pregnancy in postpartum Nellore cows subjected to a 
progesterone-based FTAI protocol (P<0.05).
Table 1 - Effects of treatments at implant removal on follicle diameter at FTAI (FD) and pregnancy rate (PR) in Nellore cows subjected to 
progesterone-based ﬁxed-time insemination protocol
BCS - body condition score; SD - standard deviation.
a ≠ b (P<0.05).
BCS (1-5) FD±SD (mm) P-value PR % (pregnant, n) P-value
Treatment
Control 2.57 12.40±2.97
0.33
41.2 (33/80) 
0.155
eCG 2.58 14.31±2.90  46.4 (39/84)
Folltropin 2.59 13.84±2.64  46.3 (38/82)
Pluset 2.71 13.54±3.44 48.2 (40/83)
Farm
Farm 1 2.67 13.82±3.01
0.37
53.9 (69/128) 
0.001
Farm 2 2.58 12.28±2.62 40.3 (81/201)
Parity
 Primiparous 2.59 12.19±3.18
0.003
38.8 (45/116) 
0.004
Multiparous 2.66 14.38±2.70  49.3 (105/213) 
Bull
1 2.70 57.8 (63/109)a
0.052 2.69 31.8 (35/110)b
 3 2.52 47.3 (52/110)a
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dependent on LH after the deviation process (Ginther et al., 
1996), some investigators have indicated the presence of 
active FSH receptors, even dominant follicles (>10 mm) 
that can be stimulated by a single injection of FSH.
 The amount of LH in the preparation of FSH may 
inﬂuence the dosage of FSH required in superovulation,
since the granulosa cells from the follicles are predominantly 
more LH-dependent, not only using FSH maturation until 
ovulation (Adams et al., 1992). Salles et al. (2011), who 
only used Folltropin, suggest that a less puriﬁed FSH
(which has a greater amount of LH, like Pluset) may also 
produce results comparable to those found in the eCG-
FTAI protocols in beef cattle, which was not conﬁrmed in
our study. The lower effect of treatment with FSH found in 
some studies that used Folltropin or Pluset may be due to the 
dosage used in these studies. Sales et al. (2011) and Sá Filho 
et al. (2009) used 10 mg of Folltropin and 25 IU of Pluset. In 
our study we used 15 mg Folltropin and 30 IU Pluset.
 Some studies have demonstrated the effect of eCG 
on the improvement of the pregnancy rates of postpartum 
cows, with a more pronounced effect on those with a lower 
BCS or those that were anestrous (Baruselli et al., 2004; 
Sá Filho et al., 2010). When animals with good BCS, or 
with estrous cyclicity were undergoing the eCG treatment, 
it was shown that eCG did not promote an increase in 
preovulatory follicles or in pregnancy rates (Salles et al., 
2011; Pinheiro et al., 2009).
Another ﬁnding that explains our results regards the
estrous cyclic patterns of cows in our study, in which 
59.8% (197/329) of animals showed a CL or follicles >10 
mm, whereas in other studies (Salles et al., 2011; Sá Filho 
et al., 2009) the animals used were in anestrus. In these 
animals Sá Filho et al. (2010) and Baruselli et al. (2003) 
showed that eCG was more effective in inducing pregnancy 
in FTAI protocols when 400 IU were used. In our study we 
used 300 IU of eCG.
The diameter of the preovulatory follicle was affected 
by parity order (multiparous, 14.38±2.70, primiparous, 
12.19±3.18, P<0.05) as well as by pregnancy rate (multiparous 
49.3%; primiparous, 38.8%); however, no interaction was 
found between parity and treatment (P>0.05). Pinheiro et al. 
(2009) demonstrated an increase in the pregnancy rate of 
multiparous cows compared with primiparous cows when 
they were subjected to FTAI protocols based on progesterone, 
as was observed in this study. The increased demand for 
nutrients in primiparous cows associated with the inhibitory 
effect of suction can promote a lower frequency of LH 
pulses in these animals, leading to a lower pregnancy rate.
 Pregnancy rates were inﬂuenced by the semen used
(bull 1 - 57.8%; bull 2 - 31.8%, bull 3 - 45.5% (P<0.05)) 
and the farm (P<0.01) (farm 1 - 53.9%; farm 2 - 40.3%). 
The pregnancy rate was not affected by the inseminator or 
the calf age (P>0.05). Some authors have shown that the 
semen used in FTAI has a large impact on pregnancy rate 
(Sá Filho et al., 2009; Andersson et al., 2004; Correa et al., 
1997). As we observed in this study, there was a difference 
in pregnancy rate depending on the semen that was used, 
despite the fact that all met the minimum standards of 
motility and vigor, as suggested by the CBRA (Henry and 
Neves, 1998). Future research could identify variables that 
predict semen fertility in inseminated cows.
Conclusions
Commercial solutions of follicle-stimulating hormones 
(Pluset or Folltropin) provide no increase in pregnancy rates 
or in the diameter of the preovulatory follicle of postpartum 
cows and are equal to equine chorionic gonadotropin 
in promoting growth in the preovulatory follicle and 
increasing pregnancy rates in Nellore cows of moderate 
body-condition score subjected to a ﬁxed-time artiﬁcial
insemination protocol using estradiol cypionate.
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